Marine pollutants in relation to planktonic and benthic organisms were examined at two locations along Karnataka coast, one at Kulai (74 0 47.74" E and 12 0 55.16" N) receiving huge amount of industrial effluents from fertilizer, petroleum and chemical plants along with t he sewage discharges. The other site Padubidri ( 74 0 45" E and 13 0 10" N) is located 20 kms away, which is a typically agricultural and fishing village having no stress of industrial discharges. Although the concentrations of dissolved oxygen (DO), nutrients and trace metals in water and sediment showed marginal differences at these two locations, the concentration of petroleum hydrocarbon (PHC) remained exceptionally high with a maximum of 1523 µg/l at Kulai which is 10 times higher than that at Padubidri (144 µg/l).
receiving huge amount of industrial effluents from fertilizer, petroleum and chemical plants along with t he sewage discharges. The other site Padubidri (74 0 45" E and 13 0 10" N) is located 20 kms away, which is a typically agricultural and fishing village having no stress of industrial discharges. Although the concentrations of dissolved oxygen (DO), nutrients and trace metals in water and sediment showed marginal differences at these two locations, the concentration of petroleum hydrocarbon (PHC) remained exceptionally high with a maximum of 1523 µg/l at Kulai which is 10 times higher than that at Padubidri (144 µg/l).
Biomass and population of phytoplankton and zooplankton showed that the seasonal differences were more conspicuous rather than the regional changes.
Macro and meiobenthic population remained high at both the locations during the two seasons. Phytoplankton species indicated that centric diatoms such as 
INTRODUCTION
Indian coast is continuously being threatened by effluent discharges from metropolis and industrial towns. This gives rise to immense environmental problems leading to deterioration of water quality. The extent of damage caused by indiscriminate discharges of wastes could be perceived from some of the published reports. Zingde and Govindan (2000) indicated that the coastal waters of Mumbai receives industrial discharges up to 230 million litres per day (MLD) and domestic wastes of around 2,200 MLD of which, 1800 MLD are untreated.
This has affected the water and sediment quality, with consequent effect on aquatic communities. Similarly rapid industrial growth of the Gujarat State, has given rise to waste discharges in some major rivers such as Kolak, Damanganga, Amba and others, which is responsible to degrade the estuarine and coastal waters (Zingde and Desai, 1987) . In the east coast, increased metal concentration in the coastal waters of Pondichery as reported by Govindasamy and Azariah (1999) was as a result of the effluent discharges of nearly 16 major and minor industries. Similarly Cheevaporn and Menasveta (2003) reported BOD loads of 659 to 34,376 tons/year from municipal and industrial waters in Gulf of the Thailand which was responsible to starve aquatic life and alter the ecosystem structure of the region. In the gulf of Trieste (Italy) Hg mining is responsible to discharge about 1.5 tons of Hg / year which has increased the levels in marine organisms exceeding 0.5 mg/kg (Sirca and Rajar, 1997) .
In order to keep a check on coastal pollution Government. 
MATERIALS AND METHODS

Study area:
Two locations selected for t he study include industrial town of Kulai (74 0 47' 7400 E and 12 0 55' 1600 N), close to northern part of the New Mangalore harbour, and another location which is an agricultural and fishery based village Padubdri (74 0 45' 0300 E and 13 0 10' 1200 N), situated 20 km further north of Kulai along the Karnataka coast (Fig 1) . Coastal waters of Kulai were subjected to discharge of effluents from various major and minor industries as well as contaminants arising from harbour operations. The daily discharges of effluents of some industries near Water quality parameters such as pH was analysed immediately after collection, dissolved oxygen (DO) and BOD was measured using Winkler method.
Nutrients such as nitrate, nitrite, ammonia, total nitrogen, phosphate and total phosphorus were measured as per procedures described by Grasshoff et al. (1983) . Petroleum hydrocarbons in seawater were extracted in double distilled hexane and quantified using Shimadzu RF-1501 spectrofluorometer, at excitation-emission wavelengths of 310 and 360nm. Cadmium (Cd) and lead (Pb) in water samples were analysed by filtering water samples with 0.45 µmillipore filter and pre-concentrating the water by chelating agent, ammonium pyrolidine dithiocarbonate (APDC), followed by extraction of metal chelate into methyl isobutyl ketone and analyzing on Atomic Absorption spectrophotometer (AAS). For mercury analysis pre-concentration from sea water was done by complexing with dithizone at pH<2. The complex was extracted in acid and back-titrated in 5 M HCl and brought to aqueous phase and measured by cold vapor AAS.
The frozen sediments were thawed in laboratory and dried in oven at 40 0 C, then finely powdered and digested in HF in pre-cleaned acid washed tephlon beaker followed by treatment with HNO 3 and HClO 4 to remove organic matter.
After evaporation of acid the residue was dissolved in dilute HCl and metal determined using furnace AAS.
Prior to statistical analysis, all variables were tested for homogeneity by comparing means and variances. After asserting the normality of data for all variables ANOVA was performed for these parameters.
RESULTS AND DISCUSSION
Physical features
Physical features indicated that the surface temperature in May varied from Kulai (7.83 ± 0.03), but in January '98 they were almost similar at both the locations (7.92 ± 0.02). The mean DO was more than 3 ml/l at both the locations indicating sufficient aeration of the study area. BOD, which generally remained below 2 mg/l, suggested low levels of organic load. Such low BOD values have also been reported for highly polluted waters of Mumbai coast by Zingde and Desai (1987) , where high BOD load flows from Thana, Mahim and Versova creeks. (Govindasamy and Azariah, 1999 and Krishnamurthy and Nair, 1999) .
While nutrients and trace metals remained low dissolved/dispersed petroleum hydrocarbons showed abnormally high values at Kulai varying from 895 to 1493µg/l in May and 765 to 1523µg/l in January as compared to very low values ranging from 0.5 to 129µg/l in May and 0.7 to 144µg/l at Padubidri respectively (Fig. 3) . A thick film of petroleum was visibly evident covering the entire stretch of Kulai waters. Although, petroleum hydrocarbon was not estimated in bottom sediment, chunks of tar residues were collected in grab samples, which indicated continuous input of petroleum residues from the petrochemical industry located near, by the Kulai coast. Petroleum hydrocarbons at Kulai were much higher than those reported for Gujarat and Maharashtra coast (<100µg/l; Mehta et al., 1994) and during oil spill near Madras Harbour (11 to 139µg/l; Selvaraj et al., 1999) .
Monitoring studies at Mangalore Harbour (near Kulai), under COMAPS, during 29
February to 1 March 1992, before the MRPL went into the production showed low PHC values ranging from 1.45 to 10.8µg/l. An increase in PHC values was observed as soon as the factory was commissioned in March 1996, with values ranging from 12.2 to 158.54µg/l whereas a further increase up to 725.45µg/l was recorded in December. 1996 (NIO, 1998).
Community structure:
Although the regional changes in phytoplankton biomass and population in between Padubidri and Kulai was clearly evident, their seasonal difference appears to be equally conspicuous with Chl a and phytoplankton cell numbers remaining high in May '97 and low in Jan '98 (Fig 2e to h) . However, the zooplankton showed a reverse trend with increased biomass and population in In support of the above, Mumbai Harbour-Thana estuarine system, which receives sewage as well as industrial wastes was reported to principally suatain centric diatoms such as Thalassiosira and Coscinodiscus and partly pinnate
Nitzschia from among 37 genera (Neelam Ramaiah et al., 1998) . Similarly, in the sewage polluted Hooghly estuary of the 29 species, Coscinodiscus constituted the 34 to 71% as major phytoplankton followed by other centric diatoms such as
Trichodesmium, Rhizosolenia, Chaetoceros, pinnates Asterionella japionica, Skeletonema costatum and still lesser dinoflagellates Ceratium tripos and
Sillicoflagellate species, during the annual cycle (De et al., 1994) . The above observations suggest that lower species diversity accompanied by the dominance of fast growing centric diatom species (such as Chaetoceros, Thalassiosira, Rhizosolenia, etc) over pinnates as seen in Kulai can be identified as indices for detection of high organic loads and nutrient enrichment in a water body (Harrison et al., 1991 and Smyada, 1963) . On the other hand high species diversity and the succession of species observed during the two seasons at Padubidri may represent less stressed environment for phytoplankton survival. Kimor 1992 reported shift of phytoplankton population from diatoms to dinoflagellates and down shift of in size towards a dominance of small size nonoplankton (i.e microflagellates and coccoids) as the effect of eutrophication. But such condition was not observed in the study area indicating that impact of nutrient enrichment were not drastically high.
Spacio-temporal variation in benthic communities indicated that population and biomass at, Kulai is higher than Padubidri. Numerical abundance showed that polychaetes and bivalves dominated at Padubidri in May contributing to about 47 and 36% population respectively., the other minor groups being opheroidea, dentaleum, amphipoda and coelindrata (Fig 5c) . Whereas, bivalves 60% formed a major bulk at Kulai and polychaetes reduced to 28% while other groups contributing to only 12%. A complete reverse pattern could be witnessed in January, 98 with polychaetes forming a majority of 78% at Padubidri and bivalves reducing to just 2.5% while opheroidea and amphipoda being minor groups. But at Kulai bivalves 53% continued to be an important group, polychetes 37%, being the next with other minor groups in balance. Meiofauna at both the locations was however represented by a single group of nematod population remaining higher at Kulai than Padubidri. Gopalakrishnan and Nair (1998) in their seasonal studies in 1998 at Kulai and south up to old Mangalore Port have also reported dominance of bivalves to >62% followed by gastropods <20%, scaphapoda <8.5% and polychaetes <7%, with minor fluctuation in population and biomass as compared to the present observations. An invasive bivalve species, Mytilopsis sallei (Recluz) has been reported to be successfully colonized in the Visakhapatnam Harbour in spite of high PHC content (Chandra Mohan and Raghu Prakash, 1998). These observations suggest that bivalves could be the most tolerant group to sustain organic and other industrial pollution at Kulai. But in Jan'98 some of the stress tolerant species of polychaetes might also have colonized Kulai waters. In case of meiofauna, higher nematode population at Kulai suggest that are tolerant to the industrial stresses.
Zooplankton distribution showed no specific trend at the two locations, with copepods and cladocerons together contributing to > 80% of the population, while fish and other invertebrate eggs and larvae constituting the rest in May '97. During Jan '98, copepods was the only major group constituting > 97% population at both the locations (Fig 5c) . Higher zooplankon biomass and density during January'98 dominated by single group may be the result of enrichment of organic matter in these waters. In the Mumbai harbour -Thane creek region also, copepods were reported to be the major group with lower species diversity indicating stress of sewage and other effluents on communities (Ramaiah Neelam, 1997) .
Observations during oil spill at Murud (Maharashtra coast) reported that although few of the phytoplankton such as Nitzschia were damaged by coating of black PHC layer, the zooplankton were not severely affected (Gajbiye et al., 1993) .
It is clear from the results that petroleum hydrocarbon remains to be the major source of pollution in Kulai while the nutrients and trace metals showing indirect fluctuations at the two locations. To understand the statistical relation of petroleum hydrocarbon to biological and chemical constituents, a stepwise multiple regression analysis was carried out which is given in Table 1 . The results indicate that except for mercury most of the parameters show significant relation to PHC either at Kulai or Padubidri for pre-monsoon and post-monsoon observations.
Overall influence of all the parameters indicate significant relation during Jan 98 observation with R 2 > 0.6. From the positive relation it can be concluded that Cd and Pb could be mainly derived as contaminant from petroleum hydrocarbon discharges but the input of Hg could be from the other industrial effluents. Also the relation of nitrate and phosphate to PHC suggest the use of these nutrients as a source of oxygen for oxidation of excess hydrocarbons, under aerobic conditions, during bacterial degradation of oil (Zobell, 1962 cited by Selvaraj et al., 1999) . This ultimately keeps the nutrient values low in Kulai waters .
Similarly, Chla along with phytoplankton diversity and species richness has positive relation to the petroleum hydrocarbon. In support of our earlier argument, that the effluents are favourable to selected biological communities, it is evident that very few species proliferate at Kulai while retaining high biomass, while mixed population prevails at Padubidri. This suggests that the contaminants at Kulai may be inhibitory to the other diverse species prevailing at Padubidri. This leads to a conclusion that only centric diatoms such as Chaetoceros, Rhizosolenia, Thalassiosira and Leptocylindrus, benthic bivalves and copepods among zooplankton are able to survive well at Kulai. Thus dominance of these organisms in a coastal water body receiving effluent discharges could serve as indicators of environmental stress. (De et al., 1994 and Neelam Ramaiah et al., 1998) .
The phytoplankton diversity in the entire study area fluctuated between 1.16 to 3.52, which as per Hendy's classification relates to moderately or slightly polluted waters (Hendy, 1977) . Phytoplankton growth studies at our laboratory have reported that the toxicity of oil increases with the elevated amounts of aromatic hydrocarbons which have tendency to get solubilised in water more than alkanes (Phaterpeker and Ansari, 2000) . It could be concluded therefore that the petroleum wastes discharges may contain less quantities of refined products, thereby producing limited stress to organisms, which are found proliferating in larger number at Kulai. Laboratory studies on Chaetoceros tenuissimus have shown that low Cd concentrations as prevailing at Kulai may not be stressful to phytoplankton species as their tolerance is much higher (Desai et al., 2006) . 
